Background: This study evaluated the impact of California's safe patient handling (SPH) legislation on musculoskeletal injury prevention among hospital nurses.
| Data collection
The 2013 survey method has been described in detail elsewhere. 16 In 2016, we mailed out the survey packet containing a study information letter, mini-poster of 2013 survey findings, questionnaire, and a return envelope. The study letter provided the information of the alternative option of completing the survey in the on-line format version. The online survey was generated and distributed via Qualtrics software (Qualtrics, LLC, Provo, UT).
Reminder postcards were sent at a 2-week interval three times and a final reminder 1 month later. The second reminder enclosed the study questionnaire again. As an incentive for participation, respondents entered into a raffle ($50 gift card for 20 winners in 2013; $100 gift card for 3 winners and $20 gift card for 50 winners).
| Measures
The 2016 study questionnaire included questions about demographics, job and workplace characteristics, SPH programs and practices, perceptions about the SPH law and programs, physical and psychosocial work factors, risk perception, and work-related musculoskeletal symptoms and injury. Variables used in this study are described briefly below. More details on specific measures can be found elsewhere. 16 The study questionnaire is available by contacting the corresponding author. 3 | RESULTS Table 1 to 43%, with marginal significance (P = 0.055) ( Table 2 ). Nurses reporting changes in workplace policies or programs doubled from 32% to 64% (P < 0.0001) and 33% perceived these policy and programs as excellent or very good. In 2016, 87% reported that their hospital had an SPH policy, which increased almost four times from 2013; over 60%
reported that their hospital had a SPH committee (66%) and provided patient handling protocols or patient assessment tools (60%). In 2016, more nurses received SPH training in the previous year (73% vs 67%, P = 0.038) and had mechanical lifts on their unit (80% vs 61%, with 39% reporting more frequent uses. The proportion of nurses with lift teams increased from 37% to 42%, but the overall change was not statistically significant. In further analysis of lift team availability, nurses in small hospitals (<200 beds) reported the biggest increase from 19% to 38% (P = 0.014). The availability of lift teams increased from 51% to 62.5% among nurses in large hospitals (≥400 beds) and hardly changed for medium-sized hospitals (39-38%). As regards risk perception of patient handling injury, 36% of nurses perceived the risk as increased over the past 4 years while only 30% perceived the risk as decreased. Table 3 that -while about two thirds of the nurse sample received training in the previous year and had mechanical lifting equipment on their unitsmost nurses did not use it often. 16 The 2016 follow-up survey data indicated that hospitals have taken steps to respond to the regulatory requirements, such as establishing SPH policies and committees, purchasing and providing more lifting equipment (particularly ceiling lifts), providing and requiring annual SPH training, and providing protocols and patient assessment tools. We found significant improvements in nurses' knowledge of the SPH law (74%), SPH policy in their hospital (87%), receipt of annual training (73%), and availability of lift equipment (80%), with some gaps falling short.
As the data were collected from nurses, not from hospitals, there could be some underreporting due in part to a lack of awareness, but such lack of knowledge among workers would reflect, in turn, some gaps in the organizations' strategies to reach all employees to ensure the success of their actions and programs.
Similarly, the Washington evaluation study reported increased awareness of their hospital's SPH policy among workers, with knowledge gaps in specific SPH programs between staff and SPH committee representatives. 14, 15 Among SPH program components, lift teams have been highly appreciated by nurses as a helpful and effective intervention. 21 We noticed only a small increase (5%) in the availability of lift teams between 2013 and 2016 among the total sample, but a significant increase (19%) in the availability of lift teams was found among nurses working in small hospitals (<200 beds), while nurses working in large hospitals (≥400 beds) had more lift teams (63%). The California SPH regulation requires to "have a sufficient number of designated health care workers available to perform patient handling tasks" but does not mandate hospitals to have a dedicated lift team. 7 According to a recent focus group study by the authors (to be published), some hospitals removed existing lifting teams while enhancing lift equipment and instituting new systems such as lift coach or buddy system. Sufficient staffing would be a critical issue to ensure appropriate staff assistance available timely as well as successful outcomes of lite teams.
As regards health outcomes at the worker level, we found empirical evidence suggesting positive impacts of the SPH law.
Significant risk reduction was suggested for major symptoms with greater severity, duration, and/or frequency in the low back, neck, and hands/wrists. Musculoskeletal injury risk also showed a decreasing pattern although the finding was not significant. Many institutionallevel intervention studies have reported positive effects of SPH programs on musculoskeletal injury reduction. [8] [9] [10] [11] [12] [13] In our study, risk reduction was not observed for minor symptom parameters. In interpreting these findings, it should be considered that patient handling is only part of the multifactorial etiology of musculoskeletal disorders. Other ergonomic risk factors that are not addressed by the SPH law and programs -for example, risk from pushing and pulling of a heavy computer-mounted cart -can contribute to the continuing high prevalence of musculoskeletal symptoms. Additionally, our study sample reported significantly higher physical workload and psychological job demands in 2016, which may indicate increases in overall workload in nursing care environments.
As regards safe patient handling practices measured by regular use of lifting equipment, we did not find significant improvement among nurses. In 2016, almost 60% of nurses answered that lift equipment was readily available over 75% of the time when 
| Limitations
Our study has several limitations. First, this study was an observational study using an ecological study design and did not have a comparison group due to a very small number of respondents employed in non-hospital settings. Therefore, the identified changes cannot be fully attributed to the SPH law. Second, both surveys had low response rates despite using multiple strategies such as a choice of postal or online completion of a survey, multiple reminders, and raffle incentives with different approach. This was more or less an expected outcome from using the BRN sampling frame, which includes retired and unemployed nurses and nurses working in various settings where patient handling is not applicable. Low response rates limited the representativeness of our study sample and the nonresponse bias might have distorted our study findings due, for instance, to possible overestimation of musculoskeletal symptom prevalence or injury incidence. Third, our study relied on self-reporting. Reporting bias might have resulted from social desirability, recall errors, lack of knowledge, or negative affectivity. further examine the impact of SPH legislation, including longer-term outcomes, using a larger sample and stronger study methodology.
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